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REMARKS ON BIGELOW'S STUDIES ON THE CIRCULA- 
TION OF THE ATMOSPHERE. 

B! Plrlf A. WOEIK~,F ,  giatcli st. r w P I \ i b ~ I I Y ,  I:IIWX, ~1.11~ 11 I 190-1 

The best means to detect an influence of a change of solar 
radiation 011 the teinpernture of the atiiiosphere woulcl be the 
dieereace of pressure 1)etween tropical heights and tlie low- 
lands a t  their l m e ,  as has been shown by Hann. The pres- 
sure differences woulcl depend not only on the teiuperature o f  
the whole air stratum between the pairs of stations, but also 
on the quantity of vapor, for as the Tropics have a great per- 
centage of water surface a larger evaporation would result 
from R greater quantity of solar heat, and the effect on the 
teniperature of the lower stratmu \vonlcl be inarlied in s m e  
cases by increased cloud and rain. Uiifortunfitely there are 
few mountain or even plateau stations of the Tropics with 
long records. India and Ceyloii n oulcl alone be available. h i t  
in that region there are stations covering the years lSS:S-1900 
which Professor Bigelow uses. For a shorter period nearer 
to our time the stations in Peru and Hawaii mould be available. 
As  the tropical high stations are fern and their importance is 
great, it would be worth while to make all the calculations 
necessary to  gire a true mean; the reductioii of different 
hours of observation is facilitated by the very great steadiness 
of the daily variations of pressure in tlie Tropics, so that the 
reduction factor from hourly observations in the lo~vlancls 
could be used, h k i n g  into account tlie climinution o f  pressure 
with altitude. I hope these reniarks will not be taken as :t 
disparagement of the excellent work of Professor Bigelow. but  
simply as a suggestion for a future extension. 

Ieiiioiistr~iti1,nh aut1 
111C.1~~1rrlllPut'Ilf thr iatr of I$ t.urreilt::of air. * * * 
A I I ~  viiijtiibiitiiiu to the sill1 11 ,IriIiiiilp'nt I I ~  atnlosplieril: 
iiil>tiou% will 11r \\elvi~ine to 

Previousl>-, in the Editor's " Treatise 011 nieteorological ap- 
p w n t u s  and metllocls," in 1M7, lie described an inclinometer 
of iny invention, intenclecl to measure the angle of the wind 
with the horizon, In i t  said nothing of tlie anenioiiieter with 
which, in lRS7, I replaced this very defective vane. This me-  
nioineter fulfils the wish which he expressed to  see an ane- 
iiinineter of rotation substituted for tlie ~:t i ie.  

I put  i t  in operation at. the Observatory of Zi-I<:t-TVei, C!hina, 
in lS96 and 1897. After iiiy return to Europe I installed i t  
in 1894 at .Jerse>-, under coliclitions according well with those 
which the Editor demmiclecl, in 18x7, to ensure olxervations 
of real utility: 

r at hen, n i t h  a x-a~ie (or lwtter ai1 ane1110111e- 
iipou a very high tower, ~ i t n  we feel assured 
iiieahureiiienl~ n i l 1  I I ~  of  iiipteorc)lt)gical im- 
vurrents, vrrtilanl c1r inc*linecl, are really the 

Jersey is a rather sinall, level island a t  tlie iiioutli of the 
English C'liaiinel, and the steel tower, of which I send a plio- 
togrnpli, fig. 1, inteiided for the exposure of the anemometers, 
was erected on a hill of 55 meters, near the shore; i t  is. itself, 
50 meters high, aiid the aiieinoineter rihes above it li meters, 
so that the total eleration of the aneiiioiiieter is 111 meters. 

Besides the picture of the tower I send also one of the Dechev- 
reus universal ailelnometer, iig. 2. I had conceived the idea 
of i t  in China. and succeedecl in hariiig i t  constructed by the 
firm of Ricli:Lrd, at Paris. It anal~-zes the iuovenmit of the air 
in tlie saine iiiaiiiier that a coinplete magnetograph aiialgzes the 
iiiagiietic condition of tli6 earth; i t  measures at  the same time 
the direction of the wind and the two components, horizontaland 
vertical, of its velocity. I n  order to get the horizontal compo- 
nent I have substituted, for the hemispherical cups of Robinson, 
straight semicylinders. which you will easily distinguish in the 

THE VERTICAL COMPONENT OF THE WIND. 
BY Rev. M a w  IIEI IIE\  R F N ~ .  W. J. ,  ~ ~ i r e c t o r  of the ( j lwvra to> i>  uf st L ~ W I S .  i<lai ir l  o' 

Jersey, Englnud, dntvd bIaiCli I .  11104 

I n  the MONTHITY WEATHER REVIEW for November, 1903. page 
536, there is an interesting note in which the Editor speaks of 
the vertical component of the movements of the atmosphere. 
It concludes with the following remarks: 
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picture in the anemometer on the right; it is evident that this 
anemometer can not feel any effect from the vertical component 
of the wind. On the other hand, my inclined-blade anemome- 
ter, on the left, can not be influenced by the horizontal com- 
ponent, and by means of the mechanism inclosed in the bos 
below, separate electric currents register, without any con- 
fusion, both the ascending and descending wind currents, 
respectively. The direction of the wind, also, is given elec- 
trically by the revolution of the two parallel vertical wind- 
mill wheels, which are below the horizontal bar carrying the 
anemometers. These two wind wheels have another object, 
viz., in revolving with the wind to turn also the horizontal bar 
with its two anemometers. Thus, the latter always face the 
wind, and one of them can never screen the wind from the 
other. This is of great importance in the use of rotary ane- 
mometers, and I am persnaded that in a great number of ob- 
servatories, ancl particularly a t  the Eiffel Tower in Paris, the 
observations of wind velocity obtained mitli dif-ferent forms of 
anemometer are made erroneous by the proximity of other 
apparatus erected in nearly the saiiie horizontal plane. At 
Jersey the universal anemometer is alone on the axis of tlie 
tower, ana its two windmill wheels are always uncler the SBIIIC: 

conditions with regard to  the direction of the mind. 

I 

FIG. 1.-Steel tower of the St. Louib Ollsermtory, island o f  .Terse?: LU 
meters in height; the a u e m o l n c t e r  at the bnmmit is 111 n~+,ter* above 
sea level. 

The observations coimuenced in the course of t,he yeas lS94. 
The first eight years now form the suLje1.t of detailed studies 
which will be published shortly. 
' I n  the meantime, I beliere I may (lo you a service by com- 

municating the general results of two years which I haye 
studied especially with regard to the c lw-e / ic l i iu l  coniponeiit. 
These results do not differ sensibly from those of the eight 
years together. 

The diurnal variation of the horizontal coiuponent of wind 
velocity a t  111 meters above the sea level a t  Jersey is feeble 
compared to what it is near the ground and on the Continent. 
The ratio of the maximum to the minimuin is only 1.06.l The 
variation is intermediate between that of the plains and that of 
the mountains; in the former we have the maxiinuiii a t  noon, in 
the latter a freshening of the wind in the micldle of the night. 
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Average componmts of the hourly uelocity of the wind at 111 awtem altifwle on 
the island of Jersey. 
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The total  vertical component is far from beiiig negligible, 
aiitl its variation is very regular; it  is iitanifestly dependent 
u1)on the i1iiii:nnl heating of tlie lower strata of t,he air, since 
it remhes :L maxiiuuni of iutensity toward 1 o'clock in the 
af teruoon. 

FIC~. 2.--Tlie m i \  w h a l  nnemometer of Det.lievreus, which registers 
elrctri~.iilly the clirevtion of the wind, the horizontal component of the 
wviutl velocity: thr. positive ancl negatix e vertical c o i n p o n e n t s  sepa- 
lately. 

But what, is most remarkable and probably most unexpected 
is the variation of the descending component; the annual re- 
sultant is insignificant, bu t  the beliarior of the hourly varia- 
tion is singular and will merit special attention in the general 
stutly which we have undertaken. The maximum of descend- 
ing velocity occurs a t  noon, a t  the same time as the maximum 
of ascending velocity, and the ratio of this masimum to the 
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minimum, which occurs a t  4 a. m., is almost exactly 4. I will 
confine myself to  pointing out the fact; I had previously ob- 
served the same thing in China. 

The Dechevrens clino-anemometer, or inclined-blade ane- 
mometer, measuring the vertical currents, has been adopted 
in some observatories; it was even, in 1889,.installed a t  the top 
of the Eiffel Tower, bu t  under such bad conditions that  the 
recorded observations could not be utilized. On account of 
the feebleness of the vertical component, which generally 
causes the wind to  depart hut  little from a horizontal plane, 
any obstruction that modifies the regular action of the wind on 
the two sides of the anemometer produces errors which quickly 
attract the notice of the observer. I n  the other forms of 
anemometers, having great velocity of rotation, these errors, 
while probably greater, are less apparent; whence i t  happens 
that they have hitherto been neglected, though improperly so. 
It is this circumstance which led me to adopt the special ar- 
rangement of the Dechevrens universal anemometer. The 
only one in existence is a t  Jersey, because I have not macle i t  
suficiently well known; but  I wished first to have a certain 
number of years of observation to  study and pulilish. This 
I hope to be able to do in the course of the present year, but  
meanwhile I wish to call the attention of meteorologists to an 
instrument destined to  render service by the originality and 
genuine d u e  of the observations which i t  mill furnish. 

THE IMPORTAN('E OF 4 hN0WLEDGE OF \ ERTIC'4L n I N D  COMPONENTS. 

By matching the motions of dust  ancl light objects blown 
along by the wind a t  the earth's surface, we shall find that 
however strong or liglit the wind may be and however smootli 
or rough the surface of tlie ground, get the dust while carried 
along horizontally i:, always blown upward by the wind; after- 
nards, in sheltered places, i t  settles by its own weight doirn 
to the ground. The gusts of wind are thus seen to have a 
strong up\vard coiiipoiient. and nre followed for a few inoiiients 
by a steady horizontal motion. After that comes a gentler 
wind that may have a clownwar(1 component, but  this is usually 
too gentle to be unticeil. and very delicate apparatus would be 
needed to measure it. I t  is only in tlie rear of large obsta- 
cles that  we sometimes find hea1.y downward gusts. Un- 
doubtedly the volumes of the ascentling and descending air 
must lie the same, niicl if we could iiieasure the vertical coni- 
ponents a t  some point high above the earth's surface we sliould 
nndoulteclly be able to prove this equality, but  a t  any point 
near the earth's surface we cnn not possibly clo so, and this 
because of two reasons. The earth's surface is a rigid lower 
bouiiclary for the atiiiospliere; whatever air strikes against it 
must tliereliy have its direction aiid \ elocity changed, and this 
mechanical influence of tlie boundary must extend to  a con- 
siderable distance upward. The rapid descent of a stream of 
air toward the ground begins to be appreciably checked befcre 
i t  reaches the latter, mil is then a t  once deflected into a hori- 
zontal movement. This movement iiiny be much more rapid 
than the vertical clescent. because the latter produces a special 
horizontal gradient of pressure forcing tlie air outward while 
the rest of the descencling air is steadily pressing downward 
a t  the center. This is the origin of the violent upward gust 
in the front of erery advancing and rolling mass of air. The 
front of every cold wave, of e\ ery thnnclerstorm gust, of every 
dusty gust in the streets of a city presents these upward gusts 
in the front of an advancing mass of air, which is in general 
pushed onward by a mass that is descencling slowly to the 
ground or flowing toward the Tropics. NOW, all gusts, as has 
been shown by Professor Rlarvin, are sources of insidious errors 
in the records of any whirling anemometer whose arms have 
a large moment of inertia; these invariably record too large a 
movement. The ordinary gusts of wind peculiar to the climate 
of Washington City have an influence that has been determined 

by Professor Marvin by the use of special anemometers 
whose moments of inertia are exceeding small, an influence 
that amounts to  a considerable per cent of the recorded velocity 
of the wind. (See MONTHLY WEATHER REVIEW, February, 1900, 
p. 58, or Annual Report of the Chief Signal OEcer, 1890.) This 
influence varies with the strength and duration of the gusts, 
ancl the correction for i t  should be cleteriniried for each locality, 
as i t  may depend very much on the building and on the method 
of mounting the anemometer. Marvin's small paper-cup ane- 
mometer was afterwards loaned to Professor Langley and used 
in his determinations of the gustiiiess of the wind. 

Independent of a11 questions as to the method of construc- 
tion and instrumental corrections of the Dechevrens or any other 
form of anemometer intended to  measure vertical components, 
the fact that  the descending motions are usually so feeble as 
compared with the ascending makes i t  evident that the above 
records obtained by Dechewens on the island of Jersey and 
those obtained by others located anywhere near the ground are 
not giving us the desired relation between tlie ascending and 
descending inotions of the free air. At Jersey the descending 
component is a t  miclclay only 4 per cent and at  night-time about 
1 per cent of the ascending. I n  Washiiigtoii or other interior 
stations the descending velocities a t  night-time would show a 
very much higher average ratio, since the liorizoutal and as- 
scencling velocities frequently become inappreciable, while ile- 
scending gusts still occur. I n  the case of foehn or  chinook 
winds only the descending gusts are violent. 

If the Dechevrens aiiemometer hac1 no moment of inertia and 
could record the lightest winds and tlie heaviest gusts with 
the same accuracy, then the relations between his ascending, 
descending. and horizontal compnnents ~vou ld  1Je valnable 
numerical expressions of the lower bounclary conditions that 
iiiust be introduced into the solution of the differential eyua- 
tions that occur in hydroclynamics. Accurate obsen ations of 
this kind are needed for inany localities, alii1 the specid coii- 
ilitions surrounding the island of .JerSey makes that one of the 
most interesting spots. But we also need uieasiireiuents of 
the three coiupoiients at  ninch higher elevations ancl in iuucli 
freer air than is fouiicl SO near the earth's surfnce. The obser- 
vations of the altitude of a kite, the strain on it:, wire, the 
special curves in the sag of the wire, ant1 the alternate rising 
ant1 falling of the kite itself have long been recngnized in a 
general popular way as revealing the presence of ascending 
and descending currents in the free air. I n  fact, the continu- 
ous records of tensions and altitudes ancl of the :,way to the 
right and left, are sufficient to  show that the oscillations of 
the upper winds on either side of a meail position are about 
equal, and that there is no such general discrepancy between 
ascentling and descencling currents, as is Shown by Dechev- 
r em in the table for the island of Jerhey. 

Langsdorf quotes a rule adoptecl by millwrights as the 
result of the experience of centuries; in accordance with i t  
the plane of rotation of the \vinclmill sails is inclined to tlie 
vertical a t  an angle of 15". It is populttrly said that the dan- 
gerous gusts blow clownwarcl, am1 that tlie plane of rotation 
inust be tipped over so as to be normal to the gust, but  it is 
likely that the play of the wind around the mill is an equally 
important factor. In  great storms the mashes of heavy air 
descend with a booin like that of rolling surf; so also they do 
in tlie lee of an olJstacle shaped like Table RIountain a t  Cape 
Town, but  these are special cases.-6'. dhhr. 

NOTE ON THE DECHEVRENS UNIVERSAL ANEMOMETER. 

I n  1894 the Weather Bureau installed at  Washington one of 
the Dechevrens vertical movement anemometers, as made by 
Richard. The anemonieter appears to be of practically the 
same construction as that shown in fig. 2. The mill for 
measuring vertical movement was the only part installed, and 
this \vas placed at  the tiptop of a tall slender support rising 



MAEOH, 1904. MONTHLY WEATHER REVIEW. 121 

about 40 feet above the floor of the roof platform on the top 
of the Weather Bureau building. Even under these conditions 
of exposure the results were entirely unsatisfactory from a 
meteorological point of view, as the record showed a decided 
upward movement of the air, especially when the horizontal 
movement was considerable and from the north and west. 
This result waR due altogether to the upward flow of the wind 
in striking and passing over the Weather Bureau building. 

It was not considered feasible to provide a better esposure 
on a more lofty support, and after several months the ane- 
mometer was removed. 

It is highly gratifying to see that the question of exposure 
has been so carefully considered by Rev. Marc Decherrens, 
and the only doubt in my mind is whether the anemometer on 
the tower is elevated sufficiently above the top platform of the 
tower to be entirely free of eddies and disturbances caused by 
its proximity. The meagre knowledge of these conditions 
afforded by an examination of the photographic illustr a t' ions 
of the tower does not enable us to form satisfactory concln- 
sions. A proper exposure of the anemometer is, however, only 
one of the several serious difficulties connected with the prob- 
lem of measuring the vertical motion of the air. 

A similar dificulty is found in the installation of the ane- 
mometer, so that i t  shall be absolutely neutral in a strictly 
horizontal wind. It is obvious that i f  the axis of the aiie- 
mometer is slightly inclined from the vertical, then a wind 
moving horizontally will have a small component of motion 
parallel to the axis of the mill, and will presumably cause it 
to rotate. We have, therefore, in this defect of installation, a 
source of error which i t  seems to the writer i t  is very difficult 
to avoid. To be properly exposed, the instrument iuust be on 
the summit of a relatively slender support. To make the axis 
strictly vertical under these conditions is by 110 means an easy 
matter. We apprehend that the flexure or yielding of the 
support under wind pressure, especially n ith great horizontal 
motion, may not be negligible. 

In  the case of the Dechevrens universal anemometer, it  is 
not sufficient to secure perfect verticality for the axis of the 
vertical component mill only. The axis of the apparatus which 
orients both anemometers must also be macle strictly vertical, 
and furthermore must possess S U C ~  an adequate degree of 
rigidity that flesures and temporary displacements from the 
vertical are not possible. 

Even supposing, hon;ever, that a suflicient approximation to 
verticality has been attained a i d  maintained, there is still 
another source of instrumental error that must be corrected 
numerically or eliminated mechanically before a true interpre- 
tation of the records is possible. This has reference to the sym- 
metry of the four vanes ancl arms constituting the vertical move- 
ment mill. It is easy to see that if the complex system of pres- 
sures acting on this mill when it is subjected to horizontal wind 
arenot in perfect equilibrium, a continuous or a t  least partial 
rotation will be set up, and will I)e attributed to a vertical motion 
of the air; the mill will turn to a position where the wind will 
tend to hold it and prevent rotation, even shoulcl i t  be acted 
upon by a real vertical component of motion of feeble influ- 
ence. 

Finally, the vertical component of motion is a t  best very 
small, and any anemometer to measure it should be very sensi- 
tive. The instrument of the Dechevrens pattern furnished to the 
Weather Bureau by Richard is decidedly less sensitive than the 
anemometers commonly supplied to measure horizontal move- 
ment. The writer is of the opinion that a much more sensi- 
tive type of instrument is required. 

It is hoped that the full report of the observations on the 
islandof Jersey will bhow how and to what extent the several 
difficulties and sources of error discussed above have been 
overcome and eliminated. 

So far as known to the writer the vertical movement ane- 
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mometer has never been subjected to actual esperimental cali- 
bration. The interpretations of its indications are based en- 
tirely upon a theoretical computation of the movement of wind 
per revolution of the mill depending upon the pitch of the 
blades. Until such an assumption is shown to be justified by 
esperimental data the interpretation of the observations must 
be somewhat uncertain.--(=. F. Haruin. 

A S T U D Y  OF SOME E R R O R S  OF KITE METEORO- 
G R A P H S  A N D  O B S E R V A T I O N S  O N  MOUNTAINS.  

By HENRY HELM CLAYTON, hleteorologist of the Blue Hill hletzorological Observatory, 
dated Apr i l  3, 1901. 

I n  order to get the best results from the records obtained 
in the free air by means of kites a t  Blue Hill, the errors to 
which the records are subject have been carefully studied. 
Since the methods ancl conclusions derived from this htuc1-y 
may be of service to others undertaking such investigations, 
i t  seeins well to publish the results promptly. 

It appears to be a coinmon belief that errors may be elimi- 
nated from any set of measureiuents by taking hundreds of 
observations and averaging them. But this only eliniinates the 
accidental plus ancl minus errors of equal frequency and value. 
Errors in one direction, or constant errors, are the rule and not 
the exception. Accordingly, in reducing the kite records ob- 
tained at  Blue Hill great effort has been made to eliniinate 
these constant errors. The reduction of the records has, 
therefore, been a much slower ancl more tedious undertaking 
than wonlcl otherwise have been the case. 

Six possible sources of constant error have been recognized 
as influenciag the records. These are (1) instrumental errors, 
(2) errors in exposure of instruments when comparing with 
stanclards, ( 3  1 errors in reading from meteorugrmm, (4) er- 
rors clue to the local environment, (5) errors clue to the obser- 
vations being limited to certain weather conditions, (6) errors 
in determining vertical gradients. due to simultaneous clianges 
iii weather coi~ditions a t  various height8 while the in6trument 
is moving vertipally from point to point in the atmosphere. 

( ~)-INSTRURIENT~L ERRURR. 

The meteorograph used a t  Blue Hill was made hy Mr. S. P. 
Fergusson, and has been carefully calibrated, as described in 
the Annals of the Harvard college Astronomical OlJSerYrttOry, 
vol. -13, part 8. But in the rough usage attending kiteflying 
tlie instrument may be injured, and it is necessary to examine 
instrument and records after each flight for iiidicntioiis of such 
displacement of parts as would give rise to error. Changes 
in the pobitionfj of the recording pens in relation to the lines 
of reference on the charts are determined by comparing the 
meteorograph with standard instruments in a standard shelter 
before ancl after each flight. The differences are applied as 
corrections to reduce the readings of the meteorograph to 
those of the standard instruments. The errors of range are 
inore diflicult to detect than simple displacements of the zero 
of the scale, but are very iiuportant, because the instrument 
is likely to encounter much lower temperatures and humiclities 
in the upper air than are encountered a t  the ground, and, if 
the corrections found a t  the ground do not remain the same 
aloft, where the readings are much lower, considerable error 
may result. 
considerably between successive kite flights, so that this gives 
an opportunity for roughly testing the range each time. If 
any change is suspected, the instrument is recalibratecl. Errors 
due to the flexure of parts of the instrument under various 
strains are also carefully sought for; such errors may be large 
unless the instrument is carefully built. I n  certain cases cor- 
rections are needed for the sluggishness of the instruments, 
but as there is risk of additional error in applying these cor- 
rections it has not been attempted a t  Blue Hill, except in the 
case of the humidity when the correction was apparent. On 
the other hand, an attempt has been made to avoid this error 

The temperature and humidity u~ua l ly  change I 


